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DESCRIPTION 

PROTECTTQN OF UNDERWATER ELONGATE NfEMRFR?; 
The present invention relates to the protection of underwater pipes, cables or 
other elongate members. 

When wat^ flows past an underwater pipe, cable or other elongate m^ber 
of circular cross section, vortices are shed alternately from each side. The effect of 
these vortices is to induce fluctuating, across-flow forces on the structure. If the 
natural frequency of the structure is close to the shedding frequency of the vortex the 
member can be caused to vibrate with a large oscillation amplitude. 

Such oscillation not only causes the pipe, cable or member to bend more than 
is desirable, but can also induce unwanted forces on a connector (either underwater 
or above water) to \^ch tfie pipe, cable or the like is secured. In extreme cases, the 
coupling between the pipe, cable or the like and the connector is damaged. 

A different problem arises from the harsh under\rater environment through 
which such pipes, cables or the like pass in use. It is known to cover the pipes, cables 
or other elongate members with a protective cladding during use in order to provide 
protection against impact and to reduce damage generally as the elongate member 
moves. However, in the case of an und^ivater pipe the fluid passing through the pipe 
is often at an elevated temperature, which can cause problems since the surrounding 
water can cool the fluid to an unacceptable degree. 

It is an object of the present invention to overcome or alleviate the problems 
associated with the prior art. 



In accordance with a first aspect of the present invention, an underwater 
cladding for an elongate member comprises syntactic foam and further comprises one 
or more external projections to interrupt or reduce vortex induced vibrations. 

By forming the cladding fiom syntactic ibam the pipe, cable or other elongate 
member is very well insulated and additionally the buoyancy of the clad pipe can be 
controlled by selection of the appropriate syntactic foam. 

The interruption or reduction of the vortex mduced vibrations by means of the 
or each external projection, the damage to the pipe, cable or the like and any fitting 
to which it is coimected can be greatly reduced or even avoided. 

In the present application, the term "syntactic foam" is intended to mean a 
composite material formed from microscopic, hollow Mghtweight fiUers intimately 
blended with a binder, base or matrix material. The lightweight hollow fUler 
typically comprises hollow glass microspheres (sometimes referred to as glass 
bubbles) which are blended with the binder, base or matrix material when the latter 
is in liquid form, the binder, base or matrix material then being cured with an 
appropriate curing compound. Typical binder, base or matrix materials comprise 
epoxy resins (cured with an anhydride curative) and polyurethane resin (cured with 
an isocyanate curative). 

The cladding can be formed either fix>m pre-formed sections and fitted onto 
the elongate member or. altematively, may be moulded directly onto the elongate 
member. 

Preferably the or each projection is substantially elongate. The or each 



projection should also preferably be sharp-edged and preferably triangular in cross- 
section. 

The height of the or each projection is preferably from 0.1 to 0.30 times 
(more preferably 0. 1 to CIS times) the external diameter of the cladding. 

Preferably, the or each projection is substantially helical. If so, the pitch 
is preferably from 3 to 20 times, and more preferably approximately IS times (or 
alternatively approximately 5 times), the external diameter of the cladding. 

Preferably, there are a plurality of external projections, e.g. three, and they 
are advantageously evenly spaced around the periphery of the cladding. 

The projections may be resiliently com|n:essible or defomiable. This allows 
the clad pipe to be fed through conventional pipe-laying apparatus without fouling. 
The projections may be hollow or may be solid. 

Ahematively, the projections could be substantially undeformable. 
The cladding may be in the form of a series of substantially tubular or part- 
tubular preformed sections which, when assembled, fomi a longitudinal through 
passage which is shaped and dimensioned to receive a pipe or other elongate 
member to be clad. 

In accordance with a second aspect of the present invention, an underwater 
cladding for an elongate member comprises one or more substantially helical 
projections to interrupt or reduce vortex induced vibrations, wherein the outer 
surface of the cladding is substantially circular in cross-section and the pitch of the 
or each projection is from 3 to 20 times the external diameter of the cladding. 



Preferably, the pitch of the or each projection is from 12 to 17 times the 
external diameter of the cladding. 

Alternatively, in anodier arrangement the pitch of the or each projection is 
from 3 to 7 times the external diameter of the cladding, more preferably 
approximately 5 times the external diameter of the cladding. 

The height of the or each projection is preferably from 0. 1 to 0.3, and more 
preferably 0.1 to 0.15, times die external diameter of the cladding. 

The invention also inchides an underwater elongate member, e.g. an 
und^^ater pipe, conqirising an underwater cladding in accordance with the present 
invention. 

By way of example only, qsecific embodiments of die present invention will 
now be described with reference to the accompanying drawings, in which:- 

Fig. 1 is a side elevation of a section of pipe fitted with an embodiment of 
cladding in accordance with the present invention; 

Fig. 2 is a cross-section of the clad pipe shown in Fig. 1, looking in the 
direction of arrows A- A; 

Fig. 3 is an enlarged cross-section through one of the strakes of Fig. 1 ; 

Fig. 4 is an end view of the cladding illustrated in Fig. 1 ; 

Fig. 5 is a cross-section through a second embodiment of cladding in 
accordance with the present invention, through a portion corresponding to the cross- 
section A-A of Fig. 2; 

Fig. 6 is a side elevation of a section of pipe fitted with a third embodiment 



of cladding in accordance with the present invention; and 

Fig. 7 is a cross-section of the clad pipe shown in Fig. 6, looking in the 
direction of arrows B-B in Fig. 6. 

Referring firstly to Figs. I to 4, pipe 1 0 is clad in a protective ducting 12. The 
ducting comprises a tubular, flexible, impervious casing fomied from a syntactic 
foam. The casing comprises a plurality of identical, releasably engageable, semi- 
tubular sections 12' which are arranged with respect to one another to provide a 
cylindrical passage 14 theretiuough, winch is dimensioned and sh^ied to receive the 
pipe 10. In use, longitudinally adjacent sections are secured to one another by fitting 
a reduced outer diameter end ^igot pordon 16 of one section into a 
complementarily-shaped enlarged inner diameter end socket portion 18 of the 
adjacent section. 

The ducting is similar in genera] terms to the protective ducting described in 
GB-A-2260590 and, although not illustrated in the drawings of this application, 
diametrically-opposed sections may be "staggered" by approximately half the length 
of a section to ensure that the vertical joints between longitudinally adjacent sections 
are not aligned with the vertical joints between diametrically-opposed longitudinally 
adjacent sections. 

Each section of the ducting is also provided with three identical, part-helicaJ 
strakes 24. As illustrated in Figs. 2 and 4, the strakes are angularly spaced by 120'' 
at any cross-section through the strakes. The strakes on each section are arranged 
such that when the cladding is assembled from the plurality of cladding sections, the 



Shakes thereby fonned on the exterior of the cladding thus fonned are substantiaUy 
continuous, with the exception of regulariy longitudmaUy spaced slots 26 for receipt 
of securing bands 28 of metal or other material which are located in the 
circumferential recess 30 in the assembled ducting. 

As mentioned previously, the semi-tubular sections 12' are fomied fix)m a 
syntactic foam. In the present embodiment, the syntactic foam comprises a 
polyurethane resin into which glass microspheres are introduced and intimately 
mixed while the resin is in liquid form. The intimately-blended mixture is then 
reacted with an isocynate curative and is used to fill appropriately-shaped moulds, 
from which the prefonned semi-tubular sections 12* are removed, producing a semi- 
tubular shell with strake portions moulded into it. 

In use, the preformed sections 1 2' are located on the exterior of a section of 
pipe to be protected and are secured to each other around the pipe by means of the 
aforementioned spigot and socket portions 16, 1 8 and by means of the metal banding 
28. The ducting thus fomied comprises three helical, substantially continuous (with 
the exception of die gaps 26 provided for receipt of the securing bands) strakes 24. 
As best seen in Fig. 3, the strakes are substantially triangular in cross-section and are 
sharp-edged. It has been found that the pitch of the strakes should be from 4 to 20 
times the external diameter of the cladding. Preferably the pitch of tiie strakes is 
from 14 to 18, and more preferably approximately 16, times the external diameter 
of the cladding and the height of the strakes should be 0.1 to 0.30 times the external 
diameter of the cladding. Alternatively, if the pitch of the strakes is from 3 to 7 times 



the external diameter of the cladding, the heights of the strakes can be from 0.1 to 
0. 15 times the external diameter of the cladding. Preferably the pitch of the strakes 
is approximately 5 times the external diameter of the cladding. There should also 
prefoably be, as illustrated in the first embodiment, three helical strakes, although 
fewM- (one or two) or more strakes can be provided if desired. 

Whoi a pipe is dad in this way and is subm^ed under water, the presence 
of the strakes prevents the formation of, or significantly reduces the intensity of, 
vortices and thereby eliminates or reduces vortex uiduced vibrations. At the same 
time, the very eflfective insulation provided by the syntactic foam fiom which the 
cladding is formed increases the insulation of the pipe and of the fluid passing 
through it and reduces or eliminates the problems associated with loss of heat 

The second embodiment, illustrated in Fig. 5 is very similar to diat of Figs. 
1 to 4, the only difference being that, as illustrated in Fig. 5, the cladding 12" is 
formed from a tubular shell which is provided with a single, longitudinally extending 
slit 34 extending through die wall of the casing along the whole of its length. This 
enables the casing to be fitted onto a pipe by pulling apart the portions of the casing 
on either side of the slit and manoeuvring the casing onto the pipe. The syntactic 
foam forming the casing has sufficient resilience to allow this fitting procedure to 
take place. A plurality of casings is usually fitted, end-to-end, to cover the desired 
length of pipe. The construction, operation and securing of the second embodiment 
is otherwise identical to that of the first embodiment. 

A third embodiment is illustrated in Figs. 6 and 7. The dimensions of, and 



material used to fonn, the third embodir. ent are identical to that for the first two 
embodiments, but instead of being formed in pre-fonned sections and subsequently 
fitted onto a pipe, the cladding 12" is moulded directly onto die pipe to be protected. 
Since the cladding is moulded diiecUy onto the pipe and is secured thereto, the slots 
26 and securing bands 28 used in the fu^ two embodiments can be dispensed with. 

In each of the embodiments, the helical strakes provide protection against 
vortex induced vibrations whilst the use of syntactic foam for the construction of the 
cladding provides increased thermal insulation. 

The invention is not restricted to die details of the foregoing embodiments. 
For example, syntactic foams other than those referred to may be used if desired. 
Moreover, if the dimensions of the cladding and the number, sh^, and relative 
dimensions of the strakes may be varied to suit diiferent conditions and to pmvide 
different desired results. Also, the spigot and socket portions 16. 18 may be 
dispensed wiA if desired. Instead, longitudinally adjacent portions of the preformed 
sections may abut each other end-to-end. 



CLAIMS 

1. An underwater cladding for an elongate member, comprising syntactic 
foam and further comprising one or more external projections to intemipt or reduce 
vortex induced vibrations. 

2. An underwater cladding as claimed in claim 1, wherein the cladding 
comprises a plurality of pre-fomied sections which are assembled onto the elongate 
member. 

3. An underwater cladding as claimed in claim 1, wherein the cladding is 
moulded onto the elongate member. 

4. An underwater cladding as claimed in any of the preceding claims, 
wherein the or each projection is elongate. 

5. An underwater cladding as cladding as claimed in any of the preceding 
claims, wherein the or each projection is sharp-edged. 

6. An underwater cladding as claimed in any of the preceding claims, 
wherein the or each projection is triangular in cross-section. 

7. An underwater cladding as claimed in any of the preceding claims, 
wherein the outer surface of the cladding is substantially circular in cross-section and 
the height of the or each projection is from 0.1 to 03 times the external diameter of 
the cladding. 

8. An underwater cladding as claimed in claim 7, wherein the height of the 
or each projection is from 0.1 to 0.15 times the external diameter of the cladding. 

9. An underwater cladding as claimed in any of the preceding claims. 
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wherein the or each projection is substantially helical. 

10. An underwater cladding as claimed in claim 9, wherein the outer surface 
of the cladding is substantially circular in cross-section and wherein the pitch of the 
or each projection is from 3 to 20 times the external diameter of the cladding. 

1 1 . An underwater cladding as claimed in claim 10, wherein the pitch of the 
or each projection is from 12 to 1 7 times the external diameter of the cladding. 

12. An underwater cladding as claimed in claim 11, wherein the pitch of the 
or each projection is approximately 15 times the external diameter of the cladding. 

13. An underwater cladding as claimed in any of claims 1 to 10, wherein the 
pitch of the or each projection is from 3 to 7 times the external diameter of the 
cladding. 

14. An underwater cladding as claimed in claim 13, wherein the pitch of the 
or each projection is approximately 5 times the external diameter of the cladding. 

15. An underwater cladding as claimed in any of tiie preceding claims, 
comprising a plurality of external projections. 

16. An underwater cladding as claimed in claim 15, comprising three external 
projections. 

17. An underwater cladding as claimed in claim I5or claim 16, wherein tiie 
projections are substantially identical. 

1 8. An underwater cladding as claimed in any of claims 1 5 to 1 7, wherein die 
projections are substantially evenly spaced around the periphery of the cladding. 

19. An underwater cladding as claimed in any of the preceding claims, 



II 

wherein the or each projection is resiliently compressible or defonnable. 

20. An underwata- cladding as claimed in any of claims 1 to 1 8, wbeiein the 
or each projection is substantially undeformable. 

2 1 . An underway cladding for an elongate member, comprising one or more 
substantially hehcal projections to interrupt or reduce vortex uiduced vibrations, 
wherein the outer surface of the cladding is substantially circular in cross^section and 
the pitch of the or each projection is from 3 to 20 times the external diameter of the 
cladding. 

22. An underwater cladding as claimed in claim 21, wherein the pitch of the 
or each projection is from 12 to 17 times the external diameter of the cladding. 

23. An underwater cladding as claimed in claim 22, wherein the pitch of the 
or each projection is approximately 1 5 tunes the external diameter of the cladding. 

24. An underwater cladding as claimed in claim 21, wherein the pitch of the 
or each projection is from 3 to 7 times the external diameter of the cladding. 

25. An underwater cladding as claimed in claim 24, wherein the pitch of the 
or each projection is approximately 5 times the external diameter of the cladding. 

26. An underwater cladding as claimed in any of claims 21 t o 25, wherein 
the height of the or each projection is from 0.1 to 0.3 times the external diameter of 
the cladding. 

27. An underwater cladding as claimed in claim 26, wherein the height of the 
or each projection is from 0.1 to 0.15 times the external diameter of the cladding. 

28. An underwater cladding substantially as herein described, with reference 
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to, and as illustrated in, the accompanying drawings. 

29. An underwater elongate member comprising an underwater cladding as 
claimed in any of the preceding claims. 

30. An underwater pipe comprising a cladding as claimed in any of claims 

I to 28. 




Application No: 
daims searched: 



\ QflBce I 

GB 0108S71 . 1 Examiner: 
1-20, and 28-30 in part Date of search: 




INVESTOR IN PEOPLE 



Dr Steve Chadwell 
13 September 2001 



Patents Act 1977 

Search Report under Section 17 

Databases searched: 

UK Patent Office collections, including GB, EP, WO & US patent speciflcations, in: 

UK CI (Ed.S): EIF (FACl); F2P (PCI, PC3, PC9, PCIO, PC12, PC13, PCM, FFll); 
F2R (RD, RR) 

lot CI (Ed.7): E21B 17/00, 17/01; F15D 1/00, 1/10, 1/12; F16L 57/00. 59/02, 59/14, 
59/153 

Other: Online: WPI, EPODOC, JAPIO 



Documents considered to be relevant: 



Categor> 


^ Identity of document and relevant passage 


Rdevant 
to daims 


A 


GB 2303898 A 


(SHELL) see whole document, especially page 4 
lines 22-27 




X 


WO 99/05389 A 1 


(CUMING) see whole document, especially figures 
4-7 and page 4 line 5 to page 5 line 13 


1 at least 


P,A 


US 6048136 


(SHELL) see especially abstract and column 4 lines 
46-52 




X 


US 5722340 


(MOBIL) see especially column 1 lines 41-51, 
column 3 lines 12-40, column 4 lines 5-16, and 
column 4 lines 41-46 


1 at least 


A 


US 4722367 


(ATLANTIC) see whole document, especially 
figures 2 and 6, and column 3 lines 34-41 




X 


US 4474129 


(W.R.GRACE) see whole document, especially 
column 4 lines 13-20 


1 at least 



X Etocument indicating lack ofnovclty or icvcndve step A Document indicating technological background and. or slate of the ajt 

Y Document indicating lack of inventive step if combined P Documentpublished on or afler the declared priority dale but bcfort the 

with one or more other documents of same category. filing date of this invention- 

c Patent document published on or after, bui with priority dau: tajriicr 

& .Member of the same patent family than, the filing date of this application. 



